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THEORY AND OFERATION OF THE REAL-TIME DATA
ACBUISITION SYSTEM FOR THE NASA/LANGLEY RESEARCH CENTER
DIFFERENTIAL ABRSORFPTION LIDAR (DIAL)

By
Carclyn Butler

INTRODUCTION

This report documents work performed under Research Grant
NCCI-28 toward the improvement of computer hardware and software

of the NMNASA Multipuwpose Differential Absorption Lidar (DIAL)

system. The NASA DIAL system is undergoing development and
experimental deployment at NASA/Langley Research Center (LaRC)
tor the remote measurement of atmospheric trace gas

concentrations from ground and aircraft platforms. A viable DIAL
system was developed capable of remotely measuring 07 and HZ20
concentrations from an aircraft platform. Experiments involving
the DIAL system were sucessfully performed onboard the NASA/God-
dard Flight Center Electra aircraft from 1980-1987 (ref.l) and
the NASA/Ames DC-8 in 1987.

The DIAL Data Acquisition System (DAS) has undergone a
number of improvements over the past few years. Due to the
participation of the DIAL in the Global Troposheric Experiment
(GTE), modifications and improvements of the system have been
tested and used both in the laboratory environment as well as in
the air. The DIAL system, 1in fact, was the primary system for
two experiments in 1987. In the Spring the system was flown on
the Electra for 3 weeks over the Amazon for the Amazon FBoundary
Layer Experiment and in the Fall the system was flown on the DC-8°
for stratospheric work during the Ozone Hole experiment.

This report is designed to be used as an operational manual
for the DIAL DAS. Many changes were performed on the system
during the 1986-1987 time frame. In previous vyears the system
was able to look either above or below the aircraft but not in
both directions simultaneocusly. A change could be made from
nadir to =zenith operation in a matter of hours on the ground.
The major improvement to the system in 1986 was the ability to
transmit and receive all wavelengths above as well as below the
aircraft. The impact on the data system was to double the amount
of data being recorded. In terms of data tapes, this would have
meant we would fill up a tape in less than ten minutes at 5 H=z
operation. It was decided that for the most part we did not need
the S Hz horizontal resolution so the digitizers were modified to
enable them to perform internal hardware averaging of succesive
laser shots. The software was incorporated into the DIAL DAS to
program the digitizer averaging memories to select either single
shot or 5 shot averages or a combimation of both (this will be
discussed in more detail in a later section).

The DC~-8 which was used for the ozone hole experiment, has
only an up-looking window at present. Since the ozone depletion
was occurring at altitudes higher than the aircraft could fly we
were only interested in zenith transmission. Therefore, the DIAL
system was temporarily re—-configured to transmit all wavelengths
{with some redundancy) in the zenith mode. Since most of the



DIAL work is done in the troposphere, the emphasis in this report
will be on our zenith/nadir configuration as performed on the
Electra.

The other major improvement to the DIAL system in 1986 was

the ability to output real-time color maps of the ozone
distribution {as we have been doing with the aerosols for the
last few years). Since both LSI 11/237s were already very busy

performing the existing data acqguisition and real-time analysis,
a third processor was added to the system to handle the ozone
computations for the color maps. Also, the LSI 11/27 processors
were replaced by LSI 11/73 processors with the floating point
accelerators to speed up existing computations.

AIRBORNE DIAL SYSTEM

The airborne lidar system uses the DIAL technique for the
remote measurement of atmospheric gas profiles. This techniqgue
determines the average gas concentration over some selected range
interval by differencing the backscatter signals for laser
wavelengths tuned on and off the molecular absorption line of the
gas under investigation. Two DIAL wavelengths are transmitted
with a SO0 usec temporal separation. Simultaneously,
measurements of aerosol backscatter at multiple wavelengths can
be made by transmitting unused (non-doubled) energy from the DIAL

system pump lasers. The aerosol measurements are single wave-
length retuwrns. Two coaxial receiver systems are used to collect
and optically separate the DIAL and aerosol returns.

Fhotomultipler tubes (FMT) and photodiodes detect the backscat-
tered laser returns after optical filtering, and the analog
signals from these tubes are digitized, averaged and stored on
high—-speed magnetic tape.

The lasers can be fired at 1, 35, or 10 Hz. Current opera-
tions are to transmit four wavelengths above the aircraft and
four wavelengths below the aircraft: an on-line UV and off-line
WY for DIAL ozone measurementss) an IR aerosol wavelengths and a
visible aerosol wavelength. The nadir UWY returns are both
detected by the same FMT with 200 usec separation and the zenith
UV returns are similarly collected by another FMT. The visible
wavelengths are collected by two more FMT's and the two IR
returns are detected by separate photodiodes. So we have a total
of 8 returns detected by 4 FMT's and 2 diodes. The nadir IR
return comes from the on-line laser while the zenith IR comes
from the off-line laser so there is a 300 usec separation between
the two returns. This allows us to sum the two returns with an
analog switch (designed by R. J. Allen) prior to being digitized
by only one digitizer. The visible returns are obtaimned in the
same manner and digitized by just one digitizer. Fresent software
allows up to four digitizers to be used with no more than 8192
words saved in the computer (10 MHz sampling interval). 0Of the
B19Z2 words alloted per buffer, at least 40 are reserved for shot
header information {(shot number, navigation information, energy
monitors, etc.) s0o a safe estimate of the number of words to
record per return is obtained by dividing 8100 words per buffer
by the total number of returns. However, for the nadir returns we



are usually only interested in the data return to the ground plus
an additional area past the ground return for background
purposes. The zenith returns, on the other hand, are not limited
by ground returns so are of interest for a much greater range.
S0 we typically record more data words of the zenith returns than
we do of the nadir returns.

DATA ACQUISITION SYSTEM

The DIAL DAS is currently housed in half a double rack (see

figure 13 with digitizers, control electronics and
photomultiplier tube (FMT) power supplies occupying the other
hal+f. This set—up is advisable in that it eliminates the occur-

rence of ground loops between the FMT s and the digitizers.
The DIAL DAS is based upon two Digital Equipment Corporation
(DEC) LS8I 11/73 processors and one MDB JFEF-11 front—-end proces-
sor. Each LSI has 128K words of 16-bit memory. The overall flow
chart for the DIAL DAS is shown in figure 2. In general, all
data acquisition and storage is performed by the L5I on the left
(LS #1), while all data display and analysis are performed by
the LSI on the right (LSI #2Z). LSI #1 does have one data
analysis function. On command, LSI #1 will generate a real-time
color scale representation of range resolved data with averaging
on the ACT II. The JFEF-11 is housed in LSI #2 and has 256k
words of memory of which 128k words can be shared with the host
computer. The JFEF-11 does the DIAL calculation to obtain an
ozone profile, performs a running average on some number of
profiles and retwns that average to LSI #2 for color scale
representation on a second ACT II printer.

LSI #1 acts as the master computer through which the
operator communicates with LSI #2 and the JFEF-11. The operator
communicates with the master’®s software through a modified Ann
Arbor keyboard (the Ann Arbor CRT has been replaced by one of the
dual Fanasonic monitorss the Ann Arbor interface board 1is
mournnted in a separate box). Operator input to LSI #1 is to a
Flessey FM-DLV11iJd serial line interface with four serial line
ports {(the fourth port being the consocle input). The first
serial port on LSI #1 is used to communicate to the console input
port on an identical FM-DLV11J on LSI #2. The second port is
used to communicate to the JFEF-11 through the SLU (serial line
unit) also housed in LSI #2.

Data 1is presented to the operator on either the Fanasonic
video monitor through the Matrox QRGE-Graph controller and/or the
system color printers (Act II). Hard copy images of the video
graphics display may be obtained through Folaroid photography or
through a software copy command to the second ACT Il (with four
size options). The DSD-480 dual floppy disk units (double sided
and double density capabilities although not presently configured
for either option) are used for storage and retrieval of program

information on both LSI"s. The DIAL data is stored real-time
using one of two Cipher FB880 magnetic tape units on 731.5 m (2400
ft) reels of 1.27 cm (.5 inch) wide magnetic tape. Two tape

units are required so that continuous data is stored while one
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Figure 1. DIAL DAS component configuration in aircraft rack.
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unit is rewinding. Tape speeds and densities are as follows:

25 ips @1600 bpi (FE; IEM and ANSI compatible)

100 ips #1600 bpi (FE; IBM and ANSI compatible)

S0 ips E@I200 bpi (FEf not IBM or ANSI compatible)

A Dilog DE130G provides Cipher interface with the LS 11/73.

The acquisition of data is accomplished using four Transiac
Model 201258 waveform digitizers (each with a 4100 averaging
memory) . The Transiacs are manually programmable for digitiza-
tion of analog signals into 12-bit memory of selectable record
lengths (the settings are typically 4094 for DIAL applications)
and selectable record averages. The internal memories of these
digitizers are made available to the LSI 11/73 through a Kinetics
Systems Direct Memory Access (DMA) interface board. In addition,
there are fouwr DRV11-C modules in LSI #1 available for parallel
interfacing of TTL digital signals.

SYSTEM CONFIGURATION AND CONNECTION

Data on system component size, weight, and power consumption
requirements are given in table 1. A drawing of the two
controller box distributions is shown in figure 3.

One advantage to going with a two computer system is that
one computer can be dedicated to data acquisition while the
second 1is dedicated to data analysis, thus allowing for much
more real-time processing of the data. An additional advantage
is hardware backup. Should one LSI fail, then the other computer

Table 1. DIAL DAS component specifications for size, weight, and
power requirements.

Height Weight Fower (amp
DIAL DAS COMFONENT (in) {1b) @ 115 Vac)
Magnetic tape drive (2) 8.75 80 1
LSI 11/73 (2) 5.3 35 4
DSD-480 floppy disk (2) S5 &0 1.5
Fanasonic dual monitors 8.75 27 .3
Console keyboard 3.0 7 .o
Camac crate (full) 12.5 105 12
Act II Frinter (HxWxD) (2) 8.2 » 22 » 17.9 40 3
Total 569 2

ot it 4000 o 40000 S o i e e i oAbt S e e o e b VS VoSS S Y AR S i i e e oS M e " O e b St e oS Al o s S it oAt A A4 S AL S5 S St o o AL i et i e 09900

can be used as a totally independent data acquisition system with
limited real~time display capabilities. In fact, the boards
have been configured inside each (LSI (figure F) so that minimal
changes would be necessary for fall back to a one computer system.
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| M 8192 CPU DSD-480 FLOPPY INTERFACE
2 DAIl BOI INTERPROCESSOR LINK
3 DQ 130 MAG TAPE INTERFACE
4 CAMAC INTERFACE
5 DRVII-C © 70 DRVII-C @ 60
‘ 6 [ DRVII-C_ @ 50 DRVII-C @40
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2 DAIl BOI INTERPROCESSOR LINK
3 MATROX QRGB-GRAPH _
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6 LPII TCU-50
7 M 8059 MEMORY (I28K)
8

Figure 3. Internal computer configurations.




Table Za shows connections fraom the twoc LSI°s. L8581  #2
houses spare boards which need not be connected to anything at
present. Table Zb shows various other connections that need be
made in order to get the DAS up and running. Table 3 lists
the necessary connections to the digitizers. The first item on
2b is a "daisy chain" connection between the two Cipher tape
drives. The Cipher 880 manual shows no twist for these cables

Table Z2a. DAS component interconnections.

DSD—-480 floppy interface 26p flat cable D5SD-480  #1
DA1IRQI interprocessor link dual S0p flat cables LSI #2 DA11ROI
(FleeFliF2eF1)
dual S0p flat cables Cipher #1
(Ji1eF23J2eF 1)
Camac crate
A/D interface

DE130 magtape interface

Camac crate interface S0p flat cable

DRV11-C digital interface

(@50)

DRV11-C digital interface
(1260)

DRV1I1-C digital interface
(@70)

LF1l lipe printer
controller
DLVil-J serial line
interface

40p flat cable
{(customized)
40p flat cable
{customized)
40p flat cable
(customized)
Z6p flat cable

2p EIA (port 4)
2p EIA (port 1)

(N. McRae design)

Energy monitor

(R. Allen design)

Nav interface

(N, McRae design)

Act II printer

Ann  Arbor
LSI #2 DLViI1
{(port 4)
JFEF—-11 SLU

et s teate et tmee Soemn e e e i e i oAkt o i o e e 8888 T o A o e o bk 404 S S et e e o o S St MY o Srees e et (o o o iy s Uite Soo n  GhD Soame v St Al e VRS S e e b SH4B? o

LSI #2 Board

DSD-480 floppy interface
DALILIBOI interprocessor link

Matrox GRGEBE-Graph
LFll line printer

contreoller
DLV11-J serial line

JFEF-11 SLU

JFEF-11

P6p flat cable

dual S0p flat cables

75 Q BNC cable
Z6p flat cable

2p EIA (port 4)

2p EIA

S0p flat cable

DSD-480 #2
LSI #1 DALL1BOI

Fanasonic #2
Act II printer

LSI #1 DLV1L
(port 1)

LSI #2 DLVIL
(paort 2)
JFEF-11 SLU




Table Zb. Qther interconnections.

Source Connector Tvype Destination
Cipher #1 SOp dual flat cables Cipher #2
(half twist) (Fi1eF1 i F2ee2)
Ann Arbor interface 26p flat cable keyboard
BNC cable Fanasonic #1
power cable Fower supply

Table I. Impedences for digitizer connections.

Transiac Internal S0Q
Trigger N
Time Rase Y
Input Y
Amp Input Y

Available Connections for Digitizers

Lase—Coherent trigger

Master Control trigger
T-0 markers (positive)
T-0 markers (negative)
Diode clippers

but we found a half twist was necessary to make the tape drives
function properly. Also, the manual says that only the last unit
in the chain should be terminated but we have found that when
this 1is done you cannot turn off one unit {(to clear an error)
without affecting the other so both our units are terminated.
Cipher #Z must have its unit number changed to two to make this
configuration work.

The Ann Arbor keyboard/display has functioned reliably and
vields good guality characters., The display, however, is large
and bulkvy. & VE-170 (DEC) keyboard kit was tried but the
lettering was poor and characters were often thrown out to the

screen  at random. A new keyboard kit is being investigated but
for now the Ann Arbor keyboard and its interface board are being
used. The interface board is mounted in a separate box with an

external power supply {(drawn from LSI #1 chassis).




DIAL DaS FROGRAM THEORY

The NASA multipurpose DIAL DAS has been developed toward
optimizing the following:

1. Speed. The DIAL DAS must be able to digitize and store
8192 words at up to 10 Hz rates as well as retrieve other infor-
mation such as navigation, laser energies, and meterological
data. All this data must be read into computer memory (possibly
averaged) and then recorded to magnetic tape prior to the next
lagser fire. To accomplish this, DMA f{(direct memory access)

devices were chosen. Timing tests show that it takes about 1é
msece to store 2000 words from the Transiac 2012 digitizer. To
record the data, streamer tape speeds are a neccessity  (for 8192
words and 10 Hz). Since tape units take about I minutes to

rewind, two streamer tape drives are necessary to avoid interrup-
tions in the data.

2. Size. 5Since the LaRC DIAL system is mainly an airplane
platform system, size is a major consideration in DAS hardware.
The current DIAL DAS is hal+ the size of what it was five vyears
ago with more than three times the computer capability.
= Frogram control. Some experimenters prefer the type of
computer system which, once started, runs itself with no operator
intervention necessary. The DIAL DAS is not that kind of system
and, in fact, reqguires this report and some hands—on experience
to operate. The advantage to this type of software is that it
allows the experimenter to have ma:ximum control over real-time
data acquisition and display. Near instantaneous modifications
can  be made to both using the commands detailed in the section
"Fevboard Commands".

4. Data display. There are three purposes to the DIAL DAS
data displavy. When starting out on a mission a fast refresh
plotting capability 1is needed to align and optimize returns.
When a dial or & mirror is turned we need near instantaneous
display o+ that adjustment. As the mission proceeds we need the
capability to monitor ouw returns but the refresh cycles are not
=0 important. At this time, however, we need the capability to
do some processing of the data to determine ozone and relative
aerosol concentrations. We cannot expect to do all necessary
corrections to the data in a real-time situation, so the software
has been written to do as much as possible in the one second
refresh time allotted. As an example, ozone concentrations can
be calculated but the aerosol correction is not performed. Hard—
copy color maps of aerosocl concentrations have been extremely
useful in DIAL missions in determining aerosol layers and
subsequent flight altitudes in and around those lavers. The
third purpose to the data display is diagnostics. There are
times when we need to look at the returns in a number of
different ways in order to determine why we are getting errors in
our concentrations. If the problem turns out to be something
like mis—alignment, the beams can be re—aligned and the data for
the mission can be salvagded.

The DIAL DAS has four data display capabilities. The CRT
keyboard monitor can be used to list out raw data, the current




banner record {(a record consisting of experimental parameters) or
the current plotting options. The second CRT monitor is used for

plotting data returns in a number of viewing modes. There are
also two color printers, one which is used to generate real-time
aerosal concentrations in a I-D type display and the other is
used to generate real-time ozone concentratiomns in a similar
display mode. The second printer can also be used to copy any
CRT display. The advantage of having all these display mades is
two—told: (1) maximum control over experiment objectives, and
{2) bhard-copy data format for post-mission debriefings. The
disadvantage is that the DIAL DAS software 1s long (requires most
of the 128 word memory on both computers) and involved (not

easily interpreted by other programmers).

Ideally, it would be desirable to see all the data inputs at
any processing level on a shot by shot basis but this is usually
not possible in a real-time situation. As an example, we used to
have two modes of calculating ozone concentrations for CRT dis-
play. One mode does a shot-by-shot calculation averaging in each
successive concentration. This allows the user to see an
updating and converging average and when the specified averaging
interval is complete error bars are also shown. To perform the
ratios and logarithms each time requires considerable CFU time
{about .8 seconds on the LSI 11/73). The other mode averages all
the on-line returns and all the off-line returns and does only
one DIAL calculation at the end of the specified averaging

interval. In this mode, the screen remains empty during the
averaging process and no error bars can be calculated, however,
the computation 1s done in about half the time. In real-time

situations there is a trade—off between time required to generate
a display versus being able to view the data in the most-
informative way. With hardware averaging of DIAL returns, we are
able to achieve concentration averages using the first method at
rates equivalent to that of the second method. The second method
is no longer available as an option.

The DIAL DAS display modes will be covered in more detail in
the section entitled "Real-Time Data Display" and refresh times
are cited for sach example shown.
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FERIFHERAL FROGRAMMING INFORMATION

Table 4 is a summary of the base registers and trap vectors
for all the peripheral devices associated with the two LSI
computers. The magtape interface is the only device at BR7 -—--—
the highest priority interrupt. The components marked with an
asterisk are spare boards with switch registers set as shown.

Table 4. PBase addresses for registers used by peripheral devices.

Device Rase Address Trap Vector
LSI #1

Floppy Disk 777170 264
Interprocessor Link 772410 124
Mag—-tape Interface 772520 224
Camac Interface 7773550 400
*DRYV11-C 240 767740

DRV11~-C @50 767730

DRV11-C @40 767760

DREV11-C @70 767770 300
Line Frinter Controller 777314 200
Serial Link (Console) 7773560 &0
Serial Link (to LBI #2) 7763500 A20
Serial Link {(te JFEF-11) 776510 IE0
TCU 350-DYR 760770

LEI #2

Floppy Disk 777170 264
Interprocessor Link 772410 124
Matrox 764400

Line Frinter Controller 777514 200
Serial Link 777560 6O
*TCU 350 7&0O770

LL8I 11/73 Memory Management Registers

Fage Descriptor 772300
Fage Address 772340
Memory Management O 777572
Memory Management 3 772516

On the following pages each of these peripheral devices will
be discussed in a little more detail. The intention here is to
provide only enough information to determine if a particular
device is functioning properly and for more involved programming
requirements references are given for each item.

The DSD 480 is a double sided, double density flexible disk
system which i=s RX0Z compatible with RT-11 VIEBE. However, <since
the existing DIAL computer system is using RT11 VI internal

! -
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switches were set to make it RXO1 compatible (single sided,
single density). The floppy disk registers are outlined below.

RYXICS @ 777170 command and status register
FAXIDE @ 777172 data buffer register
13 14 13 12 11 10 9 e 7 € 3 4 3 2 i e
RYICS - | § 8
@ 777170 - r ol =
Ble 8 808 flod.|Bie|iis
ERFROR Error detected.
INIT Initialize the DSD 480.
XBA17,XBALlA Extended address bits.
RXG2 RX02 system identification bit.
SIDE SEL Side select: =1 for side 0§ =0 for side 1.
DEN Density of the function encoded in FCN1-FCN3.,
TRAN REG Transfer request flag.
IE Allows DONE to interrupt.
DONE Operation completed.
UNIT SEL Drive unit select.
FCNZ-FCN1 Function select: 000 +fill buffer
001 empty buffer
010 write sector
011 read sector
100 <set media density
101 read status
110 write deleted data sector
111 read error code
GO Execute the function.
13 14‘13'!.2 11 t.': :'7'. STQ‘S 2'1'.
RXIES 4 & > & 3
@ 777172 g;faziisff
-e ]
. |% ¢ %5 % 4[% B ¥[E g &
NXM Non—-existent memory error.
Wwc OvL Word count overflow.
SIDE SEL Indicates side selected during last operation.
UNIT SEL Indicates unit selected during last operation.
DRV RDY Drive ready —- disk installed and ready to go.
DEL DATA Deleted data —- indicates deleted data address
mark was found on last operation.
DRV DEN Density of diskette.
DEN ERF Diskette density did not match DEN.
FlWr LO Fower failure in the controller/drive subsystem.

INIT BN Initialize done.



SD 1 RDY
CRC

Interprocessor

The Interprocessor Link provides a means of
data through DMA between two LSI 11/77 processors.

ORIGCINAL PAGE IS
OPF POOR QUALITY

Set for double sided diskette when ready.
Cyclic redundancy error.

transferring
This is the

device used by the DIAL DAS software to transfer a data record
from LSI #1 to LBI #2 to be processed and plotted.
WCNT @ 772410 word count
ADDR @ 772412 bus address
STATUS ] 414 control/status
DATA @ 772416 data buffer
13 $0'13'12 11.1.." lT7r. 3 4 3 2 t Y 9
: §
5TATUS - le & i w >  |n o 5|3
@ 772414 g E 2l= 2 g ; ; ;
§ £ §|=z = =|5 § =|8 & 8|8 8 3
ERROK Set by MNEX, ATTN from the cther computer or by
bus address overflow.
MNE X Non—-existent memory.
ATTN Reads ATTN from the other computer.
MAINT Maintenance.
inN IR Input interrupt request. FReads status of the OUT IR
from the other computer.
IN DIR Input direction. Reads status of OUT DIR from the
other computer.
IN MODE Input mode. Feads status of OUT MODE from other
computer.,
CYCLE Initiates a DMA transfer when the generating DA11BOIT
is both the requested computer and the transmitter.
When CYCLE and GO are both set, an immediate bus
cycle is executed.
READY Must be cleared before a block transfer can be done.
1E Allows READY, IN IR or ERROR to cause interrupt.
XBA17,XBALA Extended memory bits.
ouT IR Causes IN IR and READY in the other computer.
QUT DIR During block transfer: =0 for transmitter: =1 for
receiver. Must be opposite of IN DIR.
OuUT MODE Output mode: =0 for DMA; =1 for program mode.
GO Executes.
Cipher F88Q Interface (Dileog DE1I0)

Twa Cipher F880
This allows for continuous data acquisition when one drive

data.

tape drives are available for storage of

14



is
chain"”

Dilog DE1Z0 tape coupler.

rewinding.
configuration and interfaced to the LSI 11/73

ORIGINAL PAGE IS
OPF POOR QUALITY,

The two units are cabled together by a ‘'daisy

through a

Tape density is determined by a button

aon  each Cipher unit and tape speed is software selectable. The
fast speed (100 ips) or streamer mode requires a longer
repositioning time if the tape motion stops during read or write

operations.

extended

the streamer mode.
DIAL
repositioning.

10 H=z

MTS
MTC
MTRRC
MTCMA
MTD
MTRD

MTS

@ 772520

Lk COM

EOQOF
FAR
EGL.
EQT
FLE

ERFR

MXM
SELR
EQT
7 CH
SDUWN

WRL
RWS

TUR

The DIAL DAS software must stack data records in

memory during repcsiticoning times to take advantage of

U T ORI O Y

o

Tests showed that for 40946 vord buffers
data, 11 or 12 records would get stacked
The interface registers are outlined below.

and
during

TT2320 status
TTEBI2 command
T72524. byte/record counter
T7E526 current memory address
T7T2530 data buffer
TTE2SE2 tape read lines

13 14 13

12 11 10 9 { | [ 4 (] 3 4 3 2 Y L)
v

14 Y 4 L v 14 -

'l A 'l 2 A '8 Fl 2 iy 'l

L. con

QOccurs if fa) a new instruction is issued before last
one has ftinished, (b) no write ring when told to write,
{c) a command to unit whose SELR is O, or {(d) SELR
becomes O during tape operation.

Set when end of file is detected during tape operation.
Farity error.

Bus grant late.

End of tape marker detected.

FRecord length error -- detected during
operations if tape record is too long.
Non—-existent memory.

Indicates unit addressed is on-line.
Beginning of tape.

Set to indicate 7-channel tape unit.

Will accept new command during settle down
as it is in the same direction.

Write lock set if no write ring is on tape.
Fewind status set when rewind command
cleared at ROT. )
Tape unit ready is cleared by GO and function occcurs.

read

as long

given,



13 44 13 412 22 410 9 L] L4 (] 3 4 3 2 1 [ )
M7 g
@77ISIZ g 2 s g ; g 3

2 L! l“lg =l AE 'l l‘ .L‘ls

ERROR Set by bits 7-1% of the status register.
FWur CLK Clears the control unit and tape units.
STREAMER Selects streamer mode.
Uus1, uso Selects unit number for MTS operation.
FREADY Control unit ready.

IE Interrupt enable.
XBALT7, XBALS Extended memory bits.

FONZ-FCN1 Function bits (with GO set):
Q00 (1) Off line
Q0 l {3 Read
010 {(5) Write
011 (7) Write EOF
100 {11) Space Forward
101 (13) Space Reverse
110 (15) Write with Extended Interrecord Gap
i11 (173 Fewind
G0 When set, begins ogperation defined by function.
Camac Interface (kKipetics 2920-Z7B bus adaptor)

The Tranmsiac 20125 digitizers are interfaced to the
11/73 through a Kinetics 3920 Crate Controller and a Kinetics Bus
Adaptor board. The interface is versatile in that any unit in
the Camac crate can be addressed by its slot number. The func-
tion codes will be defined by the type of hardware being used in
that slot. Since this interface is presently being used only for

LSI’

the Transiac digitizers,

here. The interface has fouwr directly addressable registers plus
an additional & registers addressed by offsets.

b0 @ 777350 data low (RAZ = O, RAl1 = )
LILO lam low {(RAZ2 = O, RAL = 1)
MAR memory address (RAZ = 1, RALl = O)
DMACSK DMA control/status (RAZ = 1, RAL = 1)
DHI @ 777352 data high (RAZ = 0O, RAL = O)
LHI lam high (RAZ2 = 0, RALl = 1)
WCR word count (RAZ2 = 1, RA1 = O)
EMA extended memory (RAZ = 1, RAl 1)
MAF @ 777354 station/function

CACSRK @ 777556 contrel /status

only those function codes will be listed



ASCAN

5L 0TO-8LOT4
SAD-5AZ
FCNO-FCN4G

FLO) #5(0)
FE1) #4{0)
F{2)#8(0)

F(8)#/ (D)
Fi?)#4{(0)

FO1o) #A0)
F{l1o6)#A (D)
Filosr %A (1)

FO17) »=A00)
F{Z24) %A (D)
Fi2a)#a (1)
Fi26) #4{0)
Fe26r#8(1)
Z,C

ON-LINE (R)

L-8UM (R)
NO-& (R/W)
NO—-X (R/W)
NF2E (R)

RAZ,RAL (R/W)

‘DONE (R

Gls ¢ z[s 8 8|3 8 ¢

Enables the crate controller to increment the
Camac address on completion of a Dataway Cycle.
Station or slot number of Camac device.

Sub—-address of Camac device (not used with Transiacs.)

Function code defined by user device.
Transiac Function Codes

Reads LAM register and record length.

Reads number of sweeps completed.

Reads signal averaged data. Cannot be executed
until signal averaging disabled.

Tests LAM and returns @ = 1 if ready for readout.
Resets module; clears averaging memory to zeroi
enables averaging memory.

Resets LAM.

Sets the record length register.

Writes address of the first data word to be read
from averaging memory (must be executed twice). A
record length of 4K is selected by 100(octal) in
DLO register.

Sets the sweep register.

Disables LAM.

Disables averaging and generates a LAM,

Enables LAM to become active on dataway.

Enables averaging.

Clear and reseti same as F{(?)*A(0).

13 14‘>13 réz 14 '10 ' 9 [ ] v 241 [ ] - ] tﬁO r 3 a . v | ]
) g |E
= § s x n N o0 ="
B85 &) 8 2|2 8 |5 8 B|§ 3

True when 3920 is powered and on-line.

True if any LAM ig set in crate {(causes interrupt).
Updated by 2920 during every Dataway Cycle.

Updated by 3920 during every Dataway Cycle.

During address scan operations, indicates the slot
number has been incremented past 23.

Used to select registers defined above.

True when I920 has completed a progammed control



IE (R/W)

SET £ (W)

SET © (Wi

SET INH (R/W)
READ INH (R)
GO (W)

operation {(i.e. non-DMA).

When set, allows L-85UM to cause interrupt.
Dataway initialize.

Dataway clear ({(does not affect registers).

Sets state of Dataway inhibit line.

Feflects status of Dataway inhibit line.

Starts I920 operation defined in NAF and DMACSR.

GO.

43 14 13 12 11 30 9 ] 1 4 [ ] 4 3

DMACSR y — —t -t 10
@ 777550 ! -
RAZ = 1 E 4 -
! = ! ~
Al = BE |, 13 g gl 3y Jes s
ERROR (R) Set by NXM, NO-X, *2%, or TMO: cleared by INIT or
MYXM (R DMA transfer to non—existent memory attempted.
THO (R) Time—out condition during (G-Repeat DMA mode (mode 3).
16724 (R/W) Specifies 16 or 24 bit data transfers (lé6-bit = 1).
DMA DONE (FD Set when DMA operation is done.
DMA IE (R7W) Enables DMA DONE to interrupt.
Al7.6816 (R/W) Extended memory bits used with MAR during DMA.
M2, M1 (RAW Specify mode when GO of CACSR is set.

mode pragrammed transfer

mode 1 G-stop/stop on word count

mode 2 address scan

mode 3 G-repeat/stop on word count
5US (R/W) Set to suspend DMA operation.
Farallel Line Interface Module (DRV11-C)

This module acts as an interface between the LSI 11/73% and a
peripheral device. The DIAL DAS presently uses one of these
modules to pass data from the LORAN or INS interface to the
computer, one to transfer digital laser energy readings and one
to transfer temperature and altitude information from aircraft
systems. The X represents 3, & or 7 depending on which DRV11-C
is being addressed.

DRGSR @ 7&6&77%X0 control /status
DRO @ 7677X2 output buffer
DRI @ 7677X4 input buffer

13 44 13 12 21 10 9 4 (] | ] s [ ]
ER§S“7XH - €
2 o/ R o

8) . 1. .| #e|s § i
REG H Set by user device and causes interrupt if IER set.
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FEG A

Set by user device and causes interrupt if IEA set.

IER Interrupt enable for RER H.

IEA Interrupt enable for REGQ A.

CSR1 User defined function -- if linked to another
DRV11-C causes REDQ B.

CSRO User defined function -—- if linked to ancther
DRV11-C causes REQ

Analog-to-Digital Converter (ADV11-C)

Sixteen MAnalog-to Digital Conversion single ended inputs

{or eight differential) are available toc the DIAL DAS through an

ADV11-C board. Unipolar inputs can range from OV to 10V  and

bipolar inputs from -10V to +10V and can be stored with

programmable

gains of 1, 2+ 4, or B times the input voltage.

This board is not being used in the system presently.

ADST @ 770400 control /status
ADEF @ 770402 data buffer

13 44 43 412 12 10 9 8 ? [ 3 4 3 2 1 [

R LJ v L] Ld L] 1.' v L

ADST - E =
@ 770400 g = “ 8 =

£y |8 8 B[f s -]t 528 s
ERRQOR Caused by doing a GO when A/D DONE is set or A/D

still in progress.
ERF IE Allows ERROR to interrupt.
ADDZ-ADDO Channel address.
A/7D DONE Set when A/D done, cleared by reading A/D data buffer.
IE Interrupt enable.
RTC Enables real-time—-clock input to start A/D conversion.
EXT TRIG When set allows external trigger to start A/D.
GS1-G80 Gain select: O0=1, 01=2, 10=4, 11=8.
GO Starts an A/D conversion ~-— cleared after starting.

Line Frinter Controller (MLSI-LF11)

The LF11 provides the interface between the LSI 11/73
computers and the ACT II printers. Each computer has its own
interface board.

LFS @ 777314 status
LFPE B8 777516 data buffer
45 464 413 412 11 19 9 ? [ ] ] 4 3 2
LFS >»
@ 777514 g i -
" a4 i '3 A =

e




Teletype (Flessey FM-DLV11J Serial Line Interface)

The Flessey FM-DLVI11J is a 4-channel asynchronous serial
line interface between the LSI 11/73 bus and standard 1I1/0
devices. On LSI #1 one port is used to communicate with the

teletype,
DLV1I1gd

cate with the JFEF-11 through
boards have been wire-wrapped

From LSI #1 port #1 to LSI #2
#2 to JFEF S5LU

RCSKR
REUF
XC8R
XEBUF

From

RCSR
REUF
XCSR
XBUF

RCSK

@ 7746500
2 776510
@ 7775460

DONE

IE

RBUF

@ 776502
@ 776512
@ 777362

ERROR
OVER RUN
FRAME

FAR ERR
DAT7=DATO

interface on LSI #2 and a third port is used to

=
@

@

&

—
5]
-
3#*
-

(U O TR

a second port is used to communicate with a second FM-

communi -

its SLU board. Baud rates on both

for 9600 baud.

port #4 (X=0) and from LSI #1 port

(X=1):
T76EX0 receiver control/status
776SX2 receiver buffer
7765X4 transmitter control/status
77&65X6 transmitter buffer

port #4 to console device:

777560 receiver control/status
777362 receiver buffer
777564 transmitter control/status
777566 Transmitter buffer
43 464 13 12 411 10 9 | ? [ ] 3 4 3 3j  § ti.
! .
8 '] R ' __a ) 'R s 1 -
Set when entire word has been received and is

ready for transmission.
When set, allows DONE to cause interrupt.

43 44 413 312 411 10 9 e 4 ¢ ) 4 3 2 4 L]
Bl L]

g — L§ ) L

g
IREK. ;

DATS
OAT4
DAT3
DAT2
OATL
DAT®

Set by bits 14,13, or 1Z2.

Set when previous character was not completely read
prior to receiving a new character.

Set when no valid stop bit for character.

Farity error.

Received data bits.




13 414 13 412 311 10 9 ? [ ] 3 4 3 2 1 [ ]
XCSR o o o
@ 776304 > ¥
B 776514 s
& 777564 L L -2 _ X
READY Set when XBUF is ready to receive another character.
IE Ernables READY to cause interrupt.
BREAE. When =set, causes a continuous space level to be

tranemitted.

43 14 413 1212 3141 10 9 P [ 3 4 3 2 S [ ]
X B U F v L LJ v LA L] L3
@ 774506
B 7758516 E 212 = BlE 2 8
@ 777566 L L & &§18 &§ 8|8 § &
DAT7-DATO Transmitter data bits.

Unit (TCU-30 and TCU-50 DYR)

These two timing control units are similar in that they are
both crystal clocks that continue to operate even after the
computer has been powered down. The TCU-50 has month, day, hours,
minutes and seconds while the TCU-S0 DYR also has year, day of
week as well as .1, .01 and .001 seconds. The two clocks are set-
and read differently so both are outlined below. The TCU-30 DYR
is used in LSI #1 while the TCU-30 resides in LSI #2 but is not
currently being used by the DIAL DAS -- it 1s maintained for
back—up purposes.

TCU-Ga:
43 44 13 412 11 10 9 ] 1 4 (] 3 4 3 2 4  J
—T - T L gy v L2 —————

MNTH/ DAY

49 44 43 12 11 10 [ ? L ] -] 4 3 2 t s (]
2 4 L4 —— Y L g v v e——
HR/MIN - - w =
@ 760772 s 2 E 2 2 %
a i ; ; ; - = - - =] -
t 3 4 4 4
'3 F 2 1 4 a4 2 A 'S 2




13 14 13 12 31 10 9 9 7 ] 3 4 3 2 | )
v
SECND
@ 760774 g g g 5 5 E
»
4 4

15 44 13 12 13 390 O 9 L4 L] 3 4 3 2 1 )

N 1—r——w——7
STATUS %8
B 7860776 s ; s
M/D SET Month/day being set —— fast clock on.
H/M SET Hour/minute being set —— fast clock on when 1.
READY TCU ready.

TCU-50 DYR:

143 34 43 12 11 10 [ ] ? [} - 4 3 2 Y [ ]
Py

L L] L L] v v L] v

pATe - T el 28

@ 760770 E 3 § § £§|]8 ¥ 3

DAT7~-DATO Read/write data bits. When reading a counter or
latch register, the bits are 2 EBCD numbers packed in
8 binpary bits (eg. 23 = 00010011 = 0001 0011 = 17).

43 46 413 12 11 10 9 ] 1 4 [ ] -] 4 3 2  § [ ]
w*"

v L] v L | v L

'y 4 - 2 'l A 3 4 A

CTRL .
RREIRRIEERIERN

IE Interrupt enable if switch SW3ZI-1 is on.

WRT Write enable —— allows writing to the clock or
RAM registers.

CLE/RAM If this bit is 0O, then bits O-4 select one of the
32 clock registers. If 1, then bits 0-9 select
one of the 1024 CMOS RAM registers.

RSF-R50 Register select:

QO0O0 counter - .001 sers
Q0Q01 counter - .1 and .01 secs
00010 counter - secs

00011 counter - mins

RNy



00100 counter - hours

00101 counter — day of week

00110 counter - day of month

D011l counter - month

01000 latch - 001 secs

01001 latch - «.1 and .01 decs
01010 latch - secs .
1011 latch - mins

21100 latch -~ hours

01101 latch - day of week

D1110 latch - day of month

01111 latch - months

10000 interrupt status register (R)
10001 interrupt control register (W)
10100 status bit

10101 GO command

10110 standby interrupt

Matrox GREB-GRAFH Controller

The Matrox EBRGBE-GRAFH controller is & color graphics
interface for use with RGE monitors. Contained in a FROM is a
color look-up table which has been modified by Norman McCrae for
gray—scale operations. I have written general purpose software
routines to be used with the Matrox board to draw axes, point
plots, vector plots and draw characters. There are 512 » 5S12
pixels available but due to some flaw in the design of the Matrox
board the software only uses 256 pixels in the Y direction.
There are 11 directly accessed registers plus 14 CRTC registers
that are indirectly accessed through an address register (VECT)
and data port (CRTS). The CRTC registers will not be discussed
here -- they are used only for initialization procedures and
their use can be found in the Matrox manual. Not all mnemonics
for the directly accessible registers will be defined in this
report as they are not used in the DIAL DAS software.

XREG @ 7454400 X coordinate (10 bits)

YREG @ 764402 Y coordinate (10 bits)

DATE @ 764404 data register (4 bits)

5T1 (RYy @ 7564406 preset memory status

CTR1I (W) @ 7564406 zoom/pan control

ALF (R) @ 744410 auxiliary light pen register
CTRZ (W) @& 7&4410 color map select

CTR4 @ 764412 write plane enable

8T2 (R) @& 764414 vertical blanking status
VECT (W) @ 764414 CRTC address/vector register
ETRS @ 764416 CRTC data register/preset control

e

a



13 14 413 12 11 10 9 [ ? ] 3 4 3 2 3 9

v v v v v ¥ v L v Ll

.
o
ST1 v
@ 764406 i
FREM FLG I 1, memory is being preset or frame grab in progress.

45 g4 43 12 11 210 9 [ ] 7 [ ) 3 4 3 2 ] [ ]
v e — Y v — —— v
CRT1 wle « «ale
@ 764406 Rl B - § E i $
HRARIARIIREITERIIRR
4 'S A 4 liJ;‘ ‘l l~ ldl
YZOOM1~YZOOMO Y-zoom: OO =1, 01 = 2, 10 = 4
XZOOMZ2~-XZOOMO  X—-zoom: i1t =1, 110 = 2, 101 = 3, 100 = 4,
a1l = 5, Q10 = &, GO = 7, 000D = 8
XFANZ-XFANO Horizontal display pan delay.
AL THMAF Selects A or B color—-look-up table.
BLINKENM When set, blinks display.
FGC Continuous frame grab (not used).
DM#& When 1, the display memory can be accessed by DMA.
IRQUEN Interrupt enable.
vDo BUS Video bus enable when .
CLIFEN Clipping enabled when 1.
WRCFL Data at X,¥Y is complemented when 1.
1314'}_371_.2 11 i.l" "7'0 5'0'8 3'1.'.
VECT e
@ 7eaaLd |- = -l S|t o on|s ool
. K|% 8 E]E B N[(§ B B|§ § §
WRT AUTO When O, data in DATA is automatically written to
X, Y when VECT is loaded.
DEC Y When 1, auto—-decrement of Y is in effect.
DEC X When 1, auto—-decrement of X is in effect.
INC Y When 1, auto-increment of Y is in effect.
INC X When 1, auto—-increment of X is in effect.
CRTC7-CRTCO Address of CRTC register {(used only at start—-up).
43 44 43 412 44 10 | ] 7 6 3 4 3 2 Y [ ]
#*Y L] v v L4 *I
CRTS
® 764410 5 g5 ~ win v wie « o
" = = = = le = =
£l . 5ls % 5|5 % s|% & s




FRESET When 1, the part of display memory appearing on the
screen is preset to the value in DATA.

FGS Frame grab control.

DATA7-DATAD Data port to and from the CRTC registers.

JFEF-11 Front—End Frocessor

The JFEF-11 is a front-end processor using a J-11 chip which

plugs into a G-bus backplane. It has 256K words of dual ported
memory which may be accessed through the (@-bus. The G-bus may
only access 128K of the J-11 memory at a time. The lower range

or upper range of J-11 memory is selected through a bit in the Q-
bus CSK. Frograms for the JFEF-11 are developed, compiled and
linked on the LS5I computers. To load a JFEF-11 program, the
program is loaded into the memory of LSI #2 with the lower range
of J-11 memory selected. To run the program on the JFEFP-11, LSI
#1 communicates with ODT on the J-11 board by loading the program
counter register (R7) with the starting address of the J-11
program then sending a "P" which is the 0ODT command to proceed at
the address pointed to by the program counter.

The DIAL DAS uses the JFEF-11 to perform a running average
on the ozone profiles either above or below the aircraft. In
order to do the running average, all shots must be maintained in
memory so that one may be subtracted off the front end when a new
one is added to the existing average. This requires all the
memory available on the JFEF-11.

These registers are not presently used in the DIAL DAS
software and are included because they will probably be used 1in
future revisions.

@ 762004 (B-Bus) G-Bus CSR
@ 777740 (J11-Bus) Jil-Bus CS5R

13 14 13 12 11 18 3 8 7 6 3 e 3 2 _ 1 _®
@ 762004 1 T — T .
f-Bus CSKR W £ =2 ~ el e m]le « &
” W o
E|lE g = 5 ol & &6l & E
2]  E|® £ &§| & %8 y w|§g § 3
S5 Stop/Restart J-11 through power fail mode. Cleared by
writing a zero or power fail acknowledged.
MXM Non—existent memory status when accessing G-bus in DMA mode.
MEM SEL Selects lower memory when clear, upper memory when 1. ‘

DMA ENA Enables DMA transfers to (O-bus.

DFM DIS Disables the dual ported memory from the (G-bus.

VECT J11 vector address which gets shifted by one when sent
to the Ji11 bus, thereby, doubling address in these bits.

JINT RER Generates a Jil interrupt request.



Jii-Bus CSR

@ 177740

DMA ENA
UBACK
GRQ

EVT

RER DMA
VECT
GINT REQ

13 14 13 12 11 10 9 [} ? [} 3 e 3 2 1 [)
£ o
S R
z
£18 & 5|3 8 $|y § |8 @ 3
When set, (O-bus has enabled DMA transfers. FRead only.
When clear, J11 can access G-bus DMA controller.
Grab the G-bus for transfers between the J11 and OQ-bus.
Used to enable the EVENT line time clock.

Requests control of the DMA logic.

Vector address for the Q-bus,

Used

shifted by one.
to generate an interrupt request to the O-bus.

There are many registers internal to the LSI CFPU s which
will not be discussed here. The registers described below are
all concerned with memory management and are included in this
document because they are used extensively in the DIAL DAS
software. 0Only the bits that are used will be defined here.

FDR @ 772300 page descriptor
FAR @ 772340 page address
MMRO @ 777572 memory management register O
MMRZ @ 772514 memory management register 3
*
13 14 13 12 31 10 9 8 7 6 S 4 3 2 1 W
F'DR g v "n - [ ~
® 772300 el u ufs 8 =y
. ‘A“‘ ‘l“‘ ‘l 4 2 s 2 'y
BYF CAC Bypass cache.
FLF Fage length field.
13 24 13 12 112 18 9 & 7 € 3 4 3 2 1 O
FAR 213 % S13 S ale ~ e|ln e mle «a e
@ 772340
IR IR IR RIIER:
FAF FPage address field. Address to be relocated. The
actual address that is relaocated is the FAF+00. A

200 PAF represents an address of 20000,

I-J

o~




EN REL

@ 772516
MMR=

EN 22

19 14 13 12 11 18 7 4 3 []
L] L] L] Ll LA v
-
]
«
2 2 k. 'y rl 4 m
Enable relocation when set to 1.
13 14 13 12 11 10 4 4 L]
L4 L] v LA v  J
~
(]
z
F . ' ' J - m Iy
Enable 2Z2-bit addressing.

=7




DIAL DAS SOFTWARE

The DIAL DAS ODOperating System (05) software consists of
three programs which run simultaneously on the two LSI processors
and the JFEF-11 processor. The program on LSI #1 -is called
"MASTER" and is dedicated to data transfer and storage. The LSI
#2 program 1s called "SLAVE" and is responsible for data analysis
and display. The program on the JFEF-11 is called J11 and does
the DIAL calculation on an on-line and off-line pair then per-
formse a running average of these profiles. The user communicates
with all three programs through LSI #1 which passes data buffers
and display options to LS1 #2 and the JFEF-11 as necessary.
Figwe 4 shows the interconnection among the three programs
running on the three processors. During real—~time experimental
situations, the MASTER program gathers digitized laser signals
from the Transiac 20128°s. It also gathers laser energies through
a DRV11-C interface, temperatures and pressure altitude through
a second DRV1I1-C interface, time of day from the TCU-50 DYR, and
position information from the Loran or INS navigation devices
through a third DRV11-C. Data acquisition is interrupt driven by
the Lase Coherent Trigger into the Transiacs. After the data is
packed into one continuous buffer, the record is written to
magnetic tape. If LSI #2 has finished processing the previous
laser shot, the new data buffer is transferred to LSI #2Z2 from LSI
#1 through a DMA interprocessor link. The on-line and off-line
pair to be processed is sent to the JFEP-11 through J11 dual
ported memory on LSI #2. The CRT display rate in real-time
depends on the amount of data to be plotted and on the complexity

=

of the data analysis to be performed. For example, at 5 Hz laser

firing, 8192 words of raw data from one unit (no analysis) will
be viewed every fourth shot. Real-time profiles of o=zone or
water vapor concentrations are updated every fifth shot. These

displays of raw and processed DIAL information allow for real-
time system optimization as well as flight path decisions during
flight operations. Display rates on the two ACT II printers are
governed by operations on their respective processors. The
range-squared aeronsol color maps are performed by LS8SI #1 and we
typically do a 15 shot average (or I seconds) before plotting so
there 1is plenty of time to catch each shot, i.e. a 15 shot
average represents I uninterrupted seconds of data. On the other
hand, when we use LSI #2Z and the JFEF-11 to perform our running
average of ozone plots to the color printer, plotting time (which
is done by LSI #2) must be shared with CRT data display and
analysis, Depending on the complexity of CRT display, a 60 shot
running average may represent a 2 minute or more display in time.

Data transfer operations from the digitizing units are
readily accomplished within the minimum 100 ms operation time
envelope between laser firings. The lase—coherent time base is
designed to key the digitizers to sample for 136.7 usecs (1363
words) of the on-line lase then to go into a "sleep" mode until
the off-line lase at which time it restarts the sampling (ref.
). This avoids the necessity of digitizing long records to
acquire the on-line return followed by the off-line return 300
usecs later. Since both sampling intervals are triggered by the
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actual firing of the lasers through optical sensors, there 1is
more stability of word alignment between the on and off-line
returns. Software commands are available which control the
starting points and number of words for data storage for each
signal return. The maximum buffer size is presently set at 8192
words. The combined data stored from all the digitizers in use
plus the shot header information must not exceed 8197 words.

Since the teletype is interfaced to LSI #1, a short program
is available on each of the system diskettes which allows the
user to communicate directly with LSI #2. Once LSI #1 is booted,
tvpe "R LSIZ" to access LSI #2. Thereafter, each character is
sent through the serial linme interface to LSI #2. Similarly,
there is a program on each system diskette called JFEF to
communicate with 0ODT on the JFEF-11.

Jumpers have been selected on both LSI's to boot up Ffrom
disk to RT-11 on power up. To run the MASTER and SLAVE programs,
LSTI #2 must start out in RT-11. This allows program MASTER to
run program SLAVE. The procedure to start up the MASTER/SLAVE
programs is outlined below. System diskettes with the RT11
monitor on them have blue labels. The diskettes with the
programs "MASTER" and "SLAVE" have vellow labels.

1. Flace system diskettes (blue) in drive O of both disk drives
2. Flace MASTER (yellow) in drive 1 of LSI #1 and SLAVE
{(yellow) in drive 1 of LSI #2.
. Make sure both systems are running RT-11!1 by pushing the DC
ON  buttons on both chassis then waiting for the RUN lights
to come on and stay lit. '
4. Fun program MASTER by typing: RUN MASTER
S MASTER will load and in turn call SLAVE. LEI #2 is ready
when "MATROX" is visible on the video display. LSI #1 is
ready when the default banner record is printed out on the
console display.

b You are now under the DIAL DAS 0S. Anything yvou type in
from now on will be interpreted by program MASTER. To

return to the monitor use the instruction KEILL. To return
to ODT hit the BREAK key.

7 To erase one character hit the "backspace" key. To erase a
whole line hit the DEL key.

8. Valid instructions are listed in the section "kKevboard

Commands".

9. If LSI #1 bombs, start back at step 3.

10. If LSI #2 bombs to ODT (indicated by "@&"), then type ROOT.
I LSI #2 bombs to Monitor (indicated by RT7-11 error mes-
sage), type SLAVE.

11. If the display on LSI #2 stops updating, use the 8YNC
command.

The user now has the capability to fully control data
buffering and recording, as well as many other aspects of data
analysis and display. A sample user dialogue is given at the end
of the section "Keyboard Commands'. Comments are made on each
line to describe what the user is doing {(those preceded by two



hyphens) or what action the computer i1s taking (comments 1in
parentheses) . Commands marked "--%#" have arguments which are
already program defaults so they did not need to be entered.
They are included to demonstrate the use of these commands.

Data acquisition is controlled by hardware switches on the
digitizing units and by keyhoard commands. On the Transiac 20128
a knob setting selects the number of pre-trigger samples in
increments of 1/8 of the total record (a selected record length
of 4096 words would have pre-trigger increments of S12). A
certain number of pre—-trigger samples are desirable (about 10 to
20) to provide a good window for the trigger marker but certainly
not all S12 of the Transiac pre-trigger words need be saved.
There is also the case where a unit is used to digitize only an
offline return which occurs some time after that unit was trig-

gered. Only the data from the second return need be saved. The
instruction ” STORE U1,UZ2,U3,U4" determines the starting word for
each unit at which data is to be saved. For those units storing

two returns (both online and offline), the first return is saved
starting at Ui and the second return is saved starting at Ui +
126%, 1 =1, 2, 3, OR 4. The number of words saved of the first
return for each unit is determined by the instruction "WORDS1
Ul,uz2,uz,u4”". Similarly, "WORDSZ2 U1,U2,U3,U4 specifies the number
of words to store of the second return of each unit. The separa-
tion between the on and off-line returns has varied from one
mission to ancther so the command "WAKEUF I" can be used to
change the value from 1363 to a suitable value. The word number
for the "wakeup" can be determined by listing out words of the
on—-line return and off-line return, determining where the trigger
markers are and then adding or subtracting from the existing
value to make the two trigger words fall at the same word.

The laser shots can be internally averaged by the Transiac
2012s and 4100, Hardware averaging is a necessity at 10 Hz
operations for buffers of 8192 words. The number of shots to
average can be selected by the command "DATAVG Ul,UzZ,uU3,u4av.
Each unit should be set to average the same number of shots
except when in "STACK" or "TWEEK" modes. The maximum number of
shots that can be averaged without overflowing the 16-bit
interger is 15. Thus far, we heve used a 5§ shot (or 1 Hz)
averaging option. For most cases, the 1 Hz resolution is more
than adequate for ouw experimental objectives but at times there
is a need to obtain a finer resolution of the visible aerosol
data. Rather than an increasing storage rates of all diqitizing
units to a S Hz resolution (thereby increasing the amount of
data stored by a factor of 3) a special set-up is provided for
where the last unit to be sampled can be stacked in memory at the
end of the buffer at a different rate than the other three units.

There are two restrictions on the use of this procedure. The
stacked wunit must be the last unit and the resolution of the
stacked data must be 5 Hz. Thus, for a S Hz laser repitition
rate the command "DATAVG 5,5,5,1" and for a 10 Hz rate, the
command "DATAVG 10,10,10,2" are valid stacking set-ups (see

figure 5. An example of data acquisition will be given at the



SHOT HEADER
UNIT 1 DATA
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UNIT 2 DATA
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UNIT 4 DATA
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UNIT 4 DATA

@T5

Figure 5. Stacked data buffer format.
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end of the section "Keyboard Commands".

All data processing and display to the video screen are
performed by the SLAVE program on LSI #2. LSI #1 is reserved for
data transfer from the digitizers, for magnetic tape operations,

and for console keyboard communications. However, on request,
LST #1 will produce real-time color representation of range
resolved profiles on the Act II printer. On LSI #2, four basic

modes for DIAL data display are available, each with a variety of
display options. At the same time several other pieces of
information can be shown on the right hand side of the screen.
Altitude, temperature data and laser energies from the DRV11-C
interfaces can be viewed. Certain hook—-up conventions must be
observed for the DRV11-C input in order to get default
conversion constants and labeling to correspond:

DRY11-C Channel (230) Input Label Units
1 aircraft altitude ALT ft
2 dewpoint temperature DFT cC
= temperature T C
4 total temperature TT c

1 online UV laser energy UVN MJ
2 offline UV " " UVF MJ
3 online IR " " IRN MJ
4 offline IR " " IRF MJ
S online VIS " " VISN MJ
=) offline VIS " " VISF MJ

The DIAL DAS command language allows the user to i1input a
slope and intercept to the banner record for each DRV1I1-C channel
to convert the digitized counts to the units shown above.
Conversion constants must be input as integers. So each slope
and intercept is represented by an integer mantissa and
corresponding exponent of 10, These four words per conversion
channel are stored in the banner record. The user also has
options to update the plot side of the screen (left) by itseldt,
update the right side by itself, or both sides at the same time
{(UFDATE command).

When the data is being bhardware averaged by the digitizers,
update of the CRT display is limited to the effective rate of the
averaged data. In some cases, a faster update may be necessary
so a "TWEEE I" command has been included where unit I will by-
pass internal averaging to allow for tweeking or optimizing of
signals from that unit. To return to normal operations type

--r




"TWEEE 0O".

The different display options are summarized on the next
page. Each display mode has & number of default options
associated with it. These are summarized in table g. The
default values can be changed by various keyboard commands.
Display options are available for background subtraction, range-
square correction, over—-laying data of different digitizers,
scale and more. Each display option can be activated or de-
activated in real-time to observe signal features in the most
wseful format.

Table 5. Default plotting parameters (troposheric set-up).
FARAMETER MODE 1 MODE 2 OZONE COMMAND
unit select all all UNIT1 UNIT
y—axis scale 0—-4096 0—-4096 0-800 SCALE
H—axis scale all data 150m/tic 150m/tic INDEX
background word S50 590 530 BRGWORD
background window S0 S0 oS0 BRGWIND
smooth no J00m F00m SMOOTH
average shots no no 200 FLTAVG
range cell ——— —— Z00m RNGCEL
gas exponent —-—— - =10 GASEXP
atmospheric correction -—= ves ATMCOR
Rayleigh correction - ~-6.7 ppb RAYCOR
shift toa ——— no no SHFTOA
update right screen vyes ves no UFDATE

Raw Data (MODE 1)

This 1is the basic display mode which presents raw data from
each of the digitizing units as it exists in computer memory

(figure 6&). The abscissa represents word sequence in memory
while the ordinate is adjusted to present the 1Z-bit signal
magnitude with variable magnification. The one word instruction

"MODE 1" calls up all the options listed as defaults in table 5.

A second display mode presents the raw data signals in an
overlapped format. As shown in figure 7, the online and offline
return signals from each unit are overlayed. Units 1 and 2
represent UV returns in the nadir and zenith directions
respectively. Unit 3F shows the 1040nm aerosel returns -—— the
zenith and nadir returns have been summed with an analog switch
to enable us to digitize with only one unit. Unit 4 shows the
600Nm aerosol returns ——again these returns have been summed. By
default, each of these returns have been smoothed over 200m and
plotted as a function of time, each tic mark representing
1. usec. Each data shot is plotted in this mode starting after

T4
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the FMT gate delay. In this mode a search is also performed for
a trigger position to line up each of the returns with respect to
the laser firings. This trigger position word number is
displayed on the right hand side of the screen. The user
specifies the trigger ordinate level to be used for each
digitizer uwnit along with the number of words it is nominally
delayed. The lase-coherent trigger markers are electronically
delayed 14 words from the actual laser firing but a breakthrough
pulse occurs at the same word as the laser firing.

Figure 8 shows the effect of activating the background
subtraction and range sqguared options on the profile of UNIT1 in
figure 7 (MODE 2). Display of the data in this mode allows us to
more readily see the differences in the absorbed on-line return
as compared to the off-line return. Figure 9, again shows the
effect of activating the subtraction and range squared options.
This time the on-line retwns of units 3 and 4 have been selected
and the overlay option is turned on. From this display we can
easily see the response of the two different aerosol wavelengths
used ~—- one being more sensitive to the molecular content of the
atmosphere. The sequence of instructions to obtain figure 9 is
as follows:

MODE 2

RETURN O,0,1,1
OVRLAY 1
RNGCOR 1

YMAX 8192

P 3 RN -~ ol B~ AN — — e =L

A4 16 level gray scale display format is available for
presentation of the spatial distribution of aerosol scattering
In processing the aerosol lidar return, the background signal

level is subtracted from the lidar-plus-background signal and
the geometrical range sqguared 1lidar signal dependence is
eliminated. The resul ting lidar backscatter profile is
indicative of the distribution of aerosols along the lidar line-
of-sight. The vertical resolution of the aerosol data is 13 m.
The nominal horizontal resolution is 10 m for aircraft operation
at a 10 Hz repetition rate. The backscatter signal level is

converted into a 16 level gray scale display line where stronger
scattering is indicated by higher brightness on the monitor or
a darker dot pattern on the printed version of the display.
Sequential gray scale lines are used to construct a real-time
picture of the aerosol vertical distribution along the Electra

flight path. Each of the gray scale displays can contain 300
individual or integrated aeroscl profiles. At a laser pulse
repetition rate of 1 or 10 Hz, the 300 individual profiles
correspond to a nominal horizontal traverse of Z0 or I km,
respectively. This horizontal scale assumes a nominal ground
speed of 100 m/sec for the Electra aircraft. The gray scale

format shows the terrain profile, and it clearly identifies the
distribution of aerosols in the boundary layer and the free

ey
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troposphere. Since the addition of the ACT II printers to the
system, this operation is performed hardcopy and in color on one
of the printers and rarely used as a CRT mode of display.

This display mode presents the gas concentrations as a
function of altitude or range calculated from the DIAL signal
palr {(figure 10). For each DIAL return, the background signal
level 1is integrated over a specified interval. The starting
point of this integration is selected by the command "EBGWORD" and
the number of words to average over is specified by "BGWIND".
This average background is subtracted from the return signal, and
the resulting data is then smoothed with a running mean over the
specified range interval (see "SMOOTH"). This smoothing
technique does not introduce errors only for those atmospheric
conditions where the aeroseol scattering is not changing rapidly
along the DIAL measurement path. The DIAL equation (ref. 1) is
evaluated using the smoothed lidar returns over a specified range
cell size, usually 300 m. Ozone concentrations are determined
for each range cell and finally, the Rayleigh extinction 1is
corrected for altitude and subtracted. The Rayleigh term is to
compensate for extinction differences between the on and off
lines. Each DIAL signal pair produces a concentration profile.
Ozone profiles are plotted as concentrations for startospheric
work and mixing ratios for troposheric work. To obtain the
mixing ratios, an approximation to the molecular number density
is divided into the concentration at each range cell. Any number
of DIAL measurements can be averaged together to improve the
profile statistics at the expense of increased horizontal
integration for the measurement. The standard deviation for the
resulting averaged profile is computed at increments eguivalent
to the range cell size and displayed on the concentration
profile.

The commands UNIT, EBGWORD, BGWIND, RNGCEL, SMOOTH, FL.TAVG,
BGASEXF can all be used to change the defaults to modify the
display or to better improve the resulting calculations. These
and others that can be used are listed in the section "Keyboard
Commands". The command SHFTOA which applies only to o:zone
calculations is a diagnostic tool to shift ome DIAL UV pair with
respect to the other. This command will be further discussed in
the section titled "DIAL Fair Alignment”.

This option represents the same type of display as described
for "GRYSCL": however, it is done in color on the ACT II printer.
When this option is activated, the current banner record and
MAFAER plotting parameters are printed followed by a 25 shade
color scale display of relative aerosol concentrations. The
color scale which follows the color spectrum is shown at the top
of each plot. White is on the low end of the scale and black is
on the high end. The user specifies a minimum value below which
all data will appear as white ("WHITE") and a maximum value above

40
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which all data will appear as black ("BLACK"). Data shots may be
averaged {up to 13 shots) or plotted individually. Additionally,
data may be vertically smoothed with a running average. The
nadir data can be shifted for altitude variations using the
information in the shot header if the ALTCOR option is used.
During real-time operations the computer can plot about one
profile a second (either averaged or individual). Time, latitude
and longitude are printed at specified minute markers. The hard
copy continues until turned off with the instruction "AEROFF" or
whenever any of the MAFAER plotting parameters are changed. The
user must re-start with "MAFAER" after changing plotting parame-
ters. This allows the new plotting parameters to be printed so
that an updated record is always available.

On and off-line pairs of data are sent to the JFEP-11
through the shared memory on LSI #2 and ozone concentrations

similar to those discussed above (CRT display mode) are
calcul ated. Each concentration profile up to some specified
average is stored in the JFEF memory. When a total number of

profiles for the average has been stored, a new profile will be
added on to the end for one that is subtracted off the beginning
to form a running average. All options discussed in the section
concerning the CRT o-one display also apply to the hard-copy
displays but must be preceded by the symbol #. Each single ozone
profile can be shifted in the array to compensate for variations
in aircraft altitude using the information in the shot header
{nadir mode only). Additionally, cloud returns can be detected
and computations will be performed as far as the cloud using the
CLOUD I parameter. A value of CLOUD 2 will pick up weak clouds
and a value of CLOUD 4096 will ignore clouds altogether.

Figure 11 shows sample aerosol and ozone color maps using
the MAFAER and MAFUV commands.

Magnetic Tape Storage and Eormat

The DIAL data is stored in real-time using one of two Cipher

tape drives. This allows for constant recording of data while
one unit is rewinding. The data is recorded at 100 ips in
"streamer” mode. Streamer mode is the only method we found to

recaord the 8K blocks of DIAL data at 10 Hz operation. The
disadvantage of streamer mode is that if the tape unit does not
get a new instruction within a small period of time it reguires a
long repositioning time. The DIAL DAS software was written so
that each data transfer from the digitizers 1is stored in a
consecutive block of extended memory —— up to 11 blocks are
available (for non-stack operation). Once transfer to the top
block (@ 740000) is done data transfer continues to the bottom
block (@ ZOO000). When a request is made to commence recording
data, the first available block is transferred to tape as soon as
the tape has repositioned. During repositioning time other data
blocks will be stored in memory and these are queued as they come
.along. As soon as the tape is again ready it is given the next
queued block to record. This procedure produces a streaming

4z
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operation with minimal need to reposition. Tests show that 4k
blocks are written to tape at 10 Hz with upto 10 blocks getting
queued, at 3 Hz 5 blocks get gqueuwed and at 1 Hz no blocks get
queued.

Data 1is written using 1600 bpi FPE magnetic tape format on
2400-¥t  reels of .5 in wide magnetic tape. Each data storage
file begins with a 256 word banner record (16 bits per wotrd) with
DIAL DAS information as shown on table 6. The data from each
laser shot i1s packed into one large record on magnetic tape (data
from all digitizer units are packed into one single buffer).
Each data record begins with a shot header of information
reguired on & shot-by-shot basis. This includes time, shot
number, latitude, longitude, altitude, temperature data, and
laser energies. The number of words in the header is currently
IO but this number can be changed with the instruction "HDRFTS".
Table 7 shows the structure of a typical data record. At the end
of the tape or at the end of the information stored on that tape
there are 2 file marks (EOF) to denote end of information.

While recording data, if one tape drive reaches an end of
tape marker then it will automatically back up two records, write
two EOF's, start rewinding the tape, and start recording a new
file on the alternate tape drive. '



Table &. Banner record word assignments (dimensioned 256).

Ward Regcription

1 banner record format
2 tape #
3 file #

4 # words in shot header
5 date
=} plane altitude (feet) (%10 when value is negative)
7 up/down mode (O=downi 1=up)
8 sampling frequency {(MHz)

? laser fire word #

10 laser rep rate (Hz)

11 absorption coefficient (mantissa)
12 absorption coefficient (exponent)
1= wakeup value

14-16 spares

17 words/return #1 unit |

18 words/return #1 unit 2

19 words/return #1 unit 3
20 words/return #1 unit 4
21 words/return #2 unit 1
22 words/return #2 unit 2
23 words/return #2 unit 3
24 words/return #2 unit 4
25 starting storage word unit 1
24 starting storage word unit 2
27 starting storage word unit =
28 starting storage-word unit 4
29 baseline unit 1
Z0 baseline unit 2
1 baseline unit 3
32 baseline unit 4

R direction and magnitude of trigqer marker unit 1
34 direction and magnitude of trigger marker unit 2
Rt direction and magnitude of trigger marker unit 3
Ié direction and magnitude of trigger marker unit 4
37 shots to accunulate unit 1
8 shots to accumulate unpit 2
9 shots to accumulate unit =
403 shots to accumulate unit 4
41 post—-trigger delay (usecs) unit 1
42 post—-trigger delay ({(usecs) unit 2
43 post—-trigger delay (usecs) unit 3
44 post-trigger delay (usecs) unit 4

5 species identifier (RADSO) unit 1
464 species identifier (RADSO) unit 2
47 species identifier (RADSO) unit 3
48 species identifier (RAD3SO) unit 4
49 trigger marker delay (words) unit 1
S0 trigger marker delay (words) unit 2
31 trigger marker delay {(words) unit 3
a2 trigger marker delay (words) unit 4
D64 sSpares



6&S~104 ALT and TEMF calibration constants for channels 1-10
4 words per channel {(slope mantissa, slope exponent,
intercept mantissa, intercept exponent)

1OE-144 Energy monitor calibration constants for channels 1-6
4 words per channel (same as ADV11-C constants above)

Table 7. Data record structure for shot buffers.

Word # Description
1 shot number
2 stack/nostack indicator (l=stacked)
I-4 time of day
S5-6 unused
7 latitude (low order)
8 latitude (high order)
9 longitude (low order)
10 longitude (high order)
i1 pressure altitude
12 radar altitude
13 dew point temperature
14 surface temperature
15 total temperature
16 Gregory Ozone
17-20 spare DRV11-C channels
21 online UV energy
22 offline W energy
23 online IR energy
24 offline IR energy
25 online visible energy
26 offline visible energy
2730 spare energy monitor channels
1 # shots averaged unit 1 (same as IBAN{Z7))
32 # shots averaged unit 2 (same as IBAN(Z8))
% # shots averaged unit 2 {(same as IBAN{(I?))
4 # shots averaged unit 4 (same as IBAN{(40))
5 # interrupts received from unit 1
36 # interrupts received from unit 2
37 # interrupts received from unit 3
I8 # interrupts received from unit 4
29-40 spares
The above constitutes the existing shot header. Aftter this
data the record buffer will contain the data stored from the
various digitizers. The banner record whose values were defined

in table 6 (IRAN) determines the storage of data:

if L=IRAN{4) ,MI1=TBAN(17) M2=IBAN{18) ,MZ=IBAN{19) ,M3=TRAN(20)
N1=IBAN(Z21) \N2=IBAN{22) ,NZ=IBAN(273) ., N4=TRAN {24)
then the data is located in the buffer as follows



start word # end word # contents
1 L shot header
L+1 L+M1 Unit 1 data (online)
L+Mi+1 L+M1+N1 = K1 Unit 1 data (offline)
Ki+1 E1+M2 Unit 2 data (online)
E1+M2+1 F1+M24NZ = K2 Unit 2 data (offline)
F2+1 F2+M3 Unit 2 data (online)
F2+MI+1 E2+MI+NIT = E3 Unit 7 data (offline)
ES+1 E.Z2+M4 Unit 4 data (online)
EZ+M4+1 FZ+M4+N4 Unit 4 data (offline)

if data is stacked, there will follow another 4% (M4+N4) words
of unit 4 data (see figure 5).

This section provides information necessary to decode and
convert various information in the banner (IBAN) and shot header
(IRUF) .

DATE IBAN ()

bit: 14 16 9 3 4 0

month day year {binary)

To get the actual year, add 1972 to the value in bits 4-0.
TRIGGER MARKERS IBAN (Z3) —IBAN (40)
The two high order bits indicate the logical operator: less than
is signified by & value of 1§ egual to by a value of 2, and:
greater than by a value of 3. The lower 14 bits indicate the
magnitude of the comparison to be made.

(3AS SFECIES IBAN(43) —IBAN{48)

Radix-50 values are stored, up to three charcters per word, by
packing them into single numeric values according to the formula:

((i * S0 + j) * 50 + k

where "i", "j", and "k" represent the octal code values:

Space ]
A~ Z 1-32
0 -9 I6—47
TEMF and ALT IBAN(63) -TBAN(104)

IBUF (11) —-IRBUF (20)

The banner record contains the conversion constants for the
DRV11-C channels which are read in on a shot by shaot basis and
stored in the shot header.



counts = IBUF(10+ICH), where ICH = channel #
volts = counts * (10v/4093 counts)
and conversion to desired units is accomplished by:

volts#IBAN(65+14) *10#* THAN (66+14) +IBAN(L7+14) 1 0% IBAN(&8+14)
where I4 is 4 % (channel # -1).

ENERGY MONITOR DATA IBAN(105) —-IBAN(144)
IBUF (21) -IBUF (Z0)

As in the preceding data, the conversion constants are stored in
the banner record and the laser energies are stored on a shot by
shot basis in the shot header. The values in the header are
2°'s complement binary counts which have been calibrated to read
in millivolts. To convert to millijoules:

TRUF(ZO+ICH) # {IBAN(105+I4) #10%#IBAN(106+14))
+IBANC(L1O7+I4) #1 0% IBAN(108+14)
where ICH is the channmel and I4 = 4 % (channel # -1).

NAVIGATION DATA . IRUF(7)—-IRBUF (1)

Latitude and longitude are each 2 16-bit word integers coded 1in
ECD. BEits 7-0 of the low order word are labels (latitude label

in hex 1is 10 and longitude 1s 90). The information is then
stored in bits 15-8 of the low order word and bits 13-0 of the
high order word with .1 min resoclution. Ritg 14 and 13 of the

high order word designate east, west, north or south .
Some erxamples:

IRUF (8) IRUF (7)
NB125.8 QOO0 1000 0001 0010 0101 1000 0001 Q000

IRUF (10) IBUF (9)
Wiss6ZE7.8 1101 0110 0110 0011 0111 1000 1001 0000
EQG7654.1 0000 0111 0110 0101 0100 0001 1001 000

It has been found that it is extremely important to precise-

ly line up the on and off line returns. Even a one word offset
can cause oscillations in the concentration profiles. Therefore,
a discussion of data alignment follows. The trigger markers

provided by the lase-coherent time base are electronically
delayed from the actual laser firing so that any noise due to
flash lamp firing will not mask the markers. These markers are
the most accurate so they are used for the DIAL type returns.
There are no trigger markers available for the one-wavelength
returns so either flash lamp noise, or a breakthrough spike as
the signal hits the aircraft window, or in the case of the 1.06
return where the diode detector is always on the return itself
can be used to line up these returns with the DIAL returns. These
types of markers occur at the time of laser firing. The first
step should be to attempt to line up the on and off-line pair as
it is read in from the digitizers. Flug the trigger markers into
the first unit and note the word at which these occur in both the
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on and off line returns. This is done by listing out the first
50 words of each return (e.g. LIST ~-1,580 and LIST -601,4650). If
there 1is any offset of the trigger markers, stop data transfer
and adjust the WAFKEUF value to line up the offline return with
the online. For example, if the current WAKEUF value is 1363 and
the offline trigger marker occurs one word earlier than the
online trigger marker, a new WAKEUF of 1362 will properly align
the returns.If there were no "jitter" in the timing of the two
returns this would be all that would be necessary. The ARLEZER
data was found to be very stable, in fact, no change was detected
throughout the 6 weeks of the experiment. On the other hand, the
Ozone Hole data showed three changes in the separation during the
various flights. In order to eliminate any doubt, trigger search
routines can be used to line up the returns on a shot by shot

basis. To line up the UY DIAL pair, the software requires
several inputs:

1. Determine and input the word number of the laser fire.
This can most easily be done by transmitting the IR return and
noting the word number of satwation (using the LIST -I,J
command) . Input the word number with the LASFIR I command.

2. Check the offset between the actual laser fire and the
delayed trigger markers. This offset is currently 13 words or

1.7 usecs. Enter the number of words with the TODLY command.

3. ‘With both the FMT returns and the trigger markers going
into the digitizer make sure the trigger markers can still be
discerned. I+ not, an adjustment of the light pipe may be
neccessary. The trigger levels must be specified for single
shots so if data is being averaged in the digitizer vyou must

either divide the level by the number of shots averaged or do a

TWEEK operation on the digitizer unit. The trigger level is
entered as less than (<), greater than (3*), or equal toc (=) some
value {eg. TRGLEV < 0, » 00, = -~-2048)., Do not forget to return

to normal data averaging when done using TWEEK ©O.

The above three steps should be repeated for each digitizer
unit with DIAL pairs. Data alignment of the single return
aeroscl data is not as critical but still important for
comparisons with the DIAL data and accurate determination of
aerosol lavyers. Actually, all data pairs (either DIAL or single
aerosol returns) can be aligned using only one set of trigger
markers since if there is any jitter between the on and offline
laser timing it will be the same in each unit. Future plans are
to include a trigger search during data transmission and to
include these findings in the shot header.

The trigger search routine looks for the trigger marker in
the 11 words centered around where it expects to +ind one as
specified by the inputs LASFIR and TODLY. For example, LASFIR
is set for 7, TODLY is 13, and TRGLEV is =2048 then the trigger
search routine expects to find a value of 2048 between word 15
and word 25 of the online return and between WORDST + 13 and
WORDS1 + 25 for the offline. I+ a value is found before that
window or no value is found at all within the 11 words searched
then the data shot is not included in the concentration calcula-
tion. MODE Z display does a trigger search on each return so
inputs can be checked by displaying MODE 2. The wvalid trigger
words are displayed in the lower righthand side of the screen as
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they are found. Invalid markers are denoted by an asterisk.

One more word of caution. The occurrence of the trigger
marker in the data stream can be altered by switch settings on
the digitizers as well as by the command STORE. The Transiacs

have a pre—-trigger dial which increments by 512 words (for 4094
word record length)., To allow for an ample window for the trig-
ger marker the Transiac should be set at 1/8 (3584 words stored
atter the trigger and 512 words before). When the data from the
digitizers 1is transferred into computer memory for storage to
magnetic tape, the operator has the option of selecting where to
begin storage with the instruction STORE. This command is espe-—
cially useful with the Transiacs since so many pre-trigger words
need be digitised. It also helps to conserve on storage when the
first retuwn in the digitizer is of no interest and only the
second return need be saved {(such as the :zenith operation
measurements). It has also been found that sometimes cne of the
amplifiers will cause a one word offset of the entire data set.
When this happens, a STORE value should be input to the program
to bring that data set in line with the other units.

Figure 12 shows digitizer memory as compared to computer
memory for the keyboard commands as follows:

STORE 490,490, 490, 490
WORDS1 650, 1350, 600, 600
WORDSZ 650, 1350, 1400, 1400

The events shown at the top of the figure are defined in the
following table:

Event ‘ ' Time (usec) Word #
A On-line laser fires 0 499
J<] TOA light pipe marker 1.3 512
c FMT A-gate turns on 5 549
D Ground retuwn (4500 M) 30 799
E Time base "sleeps" for

16%3.7 usecs 136.2 1861
F Off-line laser fires 200 1862
G TOE light pipe marker TO1.3 1875
H FMT B—gate turns on 05 1912
I Ground return (4500 M) F30 2162

The sample dialogue on the following page shows how to start the
computer and run the DIAL DAS 0OS. This dialogue follows the
typical sequence performed during actual flight experiments.
Lines followed by comments preceded by two hyphens (——-) are user
inputs. l.ines followed by comments in parentheses are computer
responses. The use of some of the DIAL DAS 05 commands are
shown.
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AB C D EFG H ! TIME /EVENT
T ™ T Y AR 1 I' ('GC'CK’)
4095~ TOA MARKER TOB MARKER
® t N=ONLUINEUV § y N oFFuneuy | DIGITIZER
<— GROUND NIt |
ND
GROU o §
0
| I I
MEMORY WORD 0 52 549 1875 1912 - 4096
4095
ON LINE UV t «— OFF LINE UV * DIGITIZER
UNIT 2
v §
0
0 549 1912 —= 4096
4095 -
DIGITIZER
<« GROUND UNIT 3
IR
o -—1r| «—mnr ¢
1 [ [
0 499 1862 — 4096
4095
~—wvis { —uys | DIGITIZER
<— GROUND UNIT 4
VIS
(o]
| | I
) 549 1912 — 4096
4095
DATA STORED
IN CPU MEMORY
° | ) i I I o I
i 651 1301 2651 4001 465 6051 6701  8I00

UVON| UVOFF| UVONS UVOFF} IRON| IR OFF} wis ON § vis OFF

Figure 12. Example of digitizer memory as compared to saved
buffer memory.
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OF POOR QUALITY

Sample DIAL DAS dialogue. The dialogue sequence on the following pages
is typical of an actual flight experiment. The first two pages show the
procedure to align the different returns with each other, which is not
necessary to perform on each flight provided the returns are stable.

The third page shows the commands necessary to display the returns for
optimization, record to tape and perform color maps of aerosol and ozone.

R TIRE == RUN PROSAN TO SET CRYSTAL CLOCK
NARK TIAE BY TYPING LETTTER

ENTER TINE HRSMINS.SECS: 13:25:30 =~ TYPE TINE IN HERE
022204 INE PROGRAN HN.TS MI! UAITS FOR NARK)

[ 14 .- TVPE "P* TO MARK THE TINE
STOP -- (TINE IS LATCHED, TI! PROGRAR STOPS)
.RUK RASTER -= RUN PROGRAN "NASTER”
LRUN J11 (LSI 81 TELLS LSI &2 TO RUN POGRAN "J11")
8R7/0010048 1000 QSI 81 OPENS STACK POINTER REG ON JFEP AND LOADS IT UITH ADDRESS 1008)
L g asin TELI.S IFEP DT TO RUN J11 UNICK HAS IEH LOADED STARTING AT 1000)
RUN SLAVE (LST 81 TELLS LSI 82 T RUN PROGRAN “SLAVE™)
asI #1 PIIIB OUT RESIDENT DAMER RECORD)

. MIIEI REWII

TAPE = 1 I.E- 0 HEADER LORDS= 48 DATE:  §/5/01
ALT= 0 UP/BOUN= O  SANP FREz 10  LASER FIREz 9

REP RATE=  § ﬁlS COEF= 181E-20 UAKEUP=1362
Ull; URDS1  URDS2 ST:;: IIS ng: IIELIV SPECIES MT”:

608 600 >

2 13% 130 490 > 308 5 03 H

3 60 1400 490 40” I S IR 3

4 600 1400 4se > 150 S Vs
A/0 CONVERSION CONSTANTS ENERGY CONDERSIONS
CHAN SLOPE OFFSET ChaN SLOPE OFFSET

1 dg00. -1090. 1 0.73E-02 -3.23

2 15.0 -15. 2 0.42€-02 -1.12

3 10.0 -10. 3 0.12% -41.2

4 2. -50. ¢ 08.1326 -'l “

5 0.0 0.0 S 0.55E-02 58
7START == _START OATA TRANSFER FRON mmms (SEE FIGURE 12 FOR DATR STORAGE)
?TUEEK 1 -~ TRANSFER UNIT 1 AT PULSE FREQUENC
2LIST -1, == LIST LAST BUFFER FAON UGROS 1 TO 3
SHOT = 151 A6 -1

0 1 4 3 4 § ] 1 (] 9
1 300 302 299 305 301 303 299 300 S0 Im
11 306 303 305 302 300 301 299 301 300 300
2 1631 1684 1691 1723 300 08 304 300 302 303
2LIST -601,630 == LIST OUT FIRST 30 UORDS OF OFFLINE RETURN
SHOT = 186 AUG = 1
[} 1 2 3 4 H ‘ 1 ] 9
601 310 364 301 308 30T 299 304 300 302 4M
611 300 301 301 30T 2% 301 N6 302 303 309
621 303 1530 1555 1493 1256 376 362 303 305 301
2LASFIR 9 == LASER FIRE IS AT LORD 3 OF OWLINE D
2T00LY 14 == TRIGGER NARKER FOR UMIT 1 IS DELM. 1‘ ughes
2TRGLEV >400 - CHM‘E TRIGGER LEVEL OF UNITI TO >400
?TUEEK © -- lT l TO 5 SHOT ACCUNYLATIONS
sT0P - S SFER
?UAKEYP 1363 - M.l‘l OFFI.IIE n ONLINE DATH
?START == START OATA TRANSFER
?TUEEK 1 == SIMGLE SHOTS OM UNIT
2LIST -601,630 == LIST OUT FIRST 3¢ III!IDS OF OFFLINE RETURN
SHOT = 28 AV6 c 1
0 1 2 3 4 S 3 1 . 9
§01 04 301 308 307 299 304 00 302 413 318
611 300 301 301 307 2% 301 306 302 303 309
621 1563 1530 1555 1493 362 306 302 303 305 301
2TUEEK 2 == RETURN UNIT 1 TO S SHOTS, TAKE SINGLE SHOTS ON UNIT 2
2LIST -1201,1230 == LIST UNIT 2/0WINE FIRST 30 WOROS
SHOT = 251 Ab6 = 1
[} 1 2 3 4 § § 1 s 9
1201 3%00 3902 3909 3905 3901 3903 3909 3300 SH 3901
1211 3980 3903 3908 3902 39N 3901 3909 3!01 39“ 3’0.
1631 1604 1691 1723 3300 3%
7UST -1551,1580 == LIST UNIT ZIOFFLIIE FIST 30 IIIIUS
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SHOT = 372 AV6 = 1
] 1 2 3 4 5 s 1 [] y
1551 334 3901 3900 3907 3903 3904 3900 3902 1296 3909
1561 3300 3904 3901 3307 3308 3901 3906 3902 3903 3909
151 1530 1555 1493 1256 3976 3%02 3903 390 3901 3900
2TOOLY »14 -~ TRIGGER MARKERS OM UNIT 2 Rl! DELAYED 14 Uones
7TRELEV ,3800 == L0OK Fﬂl tEDEL LESS THAN 380
?TUEEK -= RETURM UNIT 2 TO S SHOTS., Tﬁﬁ SINGLE SHOTS UNIT 3
?LIST -3901,390 == LIST UIIT I/0MLINE FIRST 30 WORDS
SHOT = %2 A6 =1
[} 1 2 3 [} 5 1 1 [ ] 1
3901 3900 3902 3909 3905 3901 3303 3909 3900 [ [ ] \
91 [] [] 0 [] 0 0 [] [] 0 []
3921 L] 0 0 U [] [] ] ] []
2LIST -4501,45%0 == LIST UNIT 3/0FFLINE FIST 30 WORDS
SHOT = 572 AVE = ¢
[] 1 2 3 4 H s 7 ] 9
4501 3904 3901 3900 3907 3909 3%N4 3908 3902 [ [
4511 [] [] [] [] [] [] [] [ (] []
451 [] 0 [] [] [] [] ] [] [ 9
2700LY »,0 -= L USE ACTYAL LASER FIRING AS NARKER (N0 DELAY)
?TRELEV 20 WILL LOOK FOR SATURATION ON UNIT 3
(AT THIS POINT THE TII“EIS 0N UNIT 4 SHOULD BE CHECKED. SINCE UE HAVE ONLY 2 LIGHT PIPE QUTPUTS UNICH HAVE
ALREADY BEEM USED ON UNITS 1 AMD 2, AND NOT SUFFICIENT NIKEI. CEI.L NOISE ON THE VISIBLE TUBE TO USE AS A NARKER,
UE MIGHT TENPORARILY USE THE NARKERS OF UNIT 1 TO CHECK
?TUEEK ¢ == RETURN UNIT 3 TO S SHOTS. Tﬁ! SlIiLE SHOTS 0N UNIT ¢
2LIST -5901,59% == LIST UNIT 4/ONLINE FIRST 38 WORDS
SHOT = 505 Av6 - 1
] i 2 3 4 H 1 1 ] 9
5901 500 502 S09 505 So1 503 Se% S0 500  Sot
5911 500 S03 505 502 500 501 50’ SM 502 1622
$921 1601 1600 1591 523 S5m0 500 502 S03
2LIST -6501,65% -= LIST UIlT UBFFI.XIE FIST 30 WORDS
SHOT = 528 M!G 1
1 2 3 4 H 1 ? 8 9
6501 50¢ 501 508 50T 509 S04 500 S02 508 509
6511 S00 501 S01 SOT S08 501 506 502 503 1609
6521 1530 1555 1493 526 506 502 503 505 501 $00
?TUEEK @ == RETURN UNIT ¢ TO S SHOTS

2700LY 5,014
’msl'.ﬂ’ 22,2600

$T0
vsrm 105488
’{(glﬂlf 15000
'... BANNER RECORD ..

=~ NARKER IS DELAYED 14 UORDS

-~ ﬂllﬁga%lsl’ 8 SEMER THAN 608

-- STOP

== UNIT 4 IS T‘II“EM‘ 1 HORD EARLY SO BY STORING 1 UORD SOONER UE CAN LINE IT UP UITH OTHER UNITS
== RESTART DATA TRANSFER

== PLACE AIRCRAFT ILT IN OANNER

== LIST OUT NEW BANNER RECORD

TAPE = 1 FILEz 0 HEADER LORDS: 40 DATE:  ¢/5/97
ALT: 15000  GP/OOUN= O SAMP FRE: 10  LASER FIREz 9
REP RATE: S ABS COEF: 101E-20 UAKEUP=1363
UNET URDST UROS2 START OASE  TRIG OELAY SPECIES oATAVS
1 600 600 90 9 > 400 S 03 S
2 1358 1354 490 4095 < 3900 S 0 ]
3 500 1400 490 4095 = ¢ b} IR S
1400 499 0 > 600 ] Vs
ND tUIDERSWI CDIST“'I'S ENERGY CONVERSIONS
{1143 Chan SLOPE OFFSET
1 4000. -1000. 1 0.73E-02 -3.23
2 15.0 -15. 2 0.QE-02 -1.12
3 10.0 -19. 3 0.12§ -41.2
4 AN. -5e. ¢ 0.132¢ -1.44
H 0.0 0.0 S  0.55E-02 -1.68
2UNIT £ -= OISPLAY NAGIR UV BY ITSELF
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20NL INE == DISPLAY ONLINE UP FOR OPTIRIZATION

20FFLINE -- DISPLAY OFFLINE UV FOR OPTINIZATION

280TH -= DISPLAY BOTH WW’S FOR PAT OPTINIZATION

20NIT 2 -- DISPLAY ZENITH WY

20ML INE -- DISPLAY ZENITH UV ONLINE FOR OPTINIZATION

20FFLINE ~= QISPLAY ZENITH UV OFFLINE FOR OPTINIZATION

?80TH -- SET PAT TO BRING BOTH ON SCALE

2UNIT 3 == OISPLAY IR

2OML INE -~ OISPLAY MADIR 1 FOR OPTINIZATION

20FFLINE == OISPLAY ZENITH IR FOR OPTIRIZATION

780TH -~ SET ANPLIFIER GAINS FOR SOTN

20MIT 4 == OISPLAY VISIBLE

20ML INE ~= OISPLAY MADIR VIS FOR OPTINIZATION

20FFLINE == DISPLAY ZENITM VIS FOR OPTIRIZATION

280TH == SET PAT GAINS FOR BOTH

?STACK == UILL GATHER VIS AT S l

?RECORD - EVEIVTNI“ IS REABY, SO RECOM

70MIT 3 == 0Ism

20NL INE - IAUII Il UIV

7RN6COR 1 -~ RANGE SQUARE DATA

’GBLKK 1500 == DETERNINE SCMJIS Fﬂl KIOSI. coLs e
APAER == START AEROSOL C

’020‘ == 00 QZONE CALCW ﬂ

7¥BLACK 18 -- DETERNINE SCIUI‘ FOR OZONE COLOR AP

20AP == START OZONE COLOR mp

2ENDFIL -- DONE WITH LEG, END THE FILE

7AEROFF -~ END AEROSOL COLOR MeP

?YVOFF -- END ﬂlﬂll CBLM L

?STOP == STOP DATA TRANSFER

?LOLES == CALL UP PIIMETE!S FOR A LON LEG

?START == START DATA TRAKSFER

?HEIGHT 508 -~ ENTER NEU PLANE ALTITUDE

2LSTBNR == LOOK AT LOW LEG BAIMER DEFAULTS

... DANNER RECORD ...

TAPE = 1 FILEz 1 MEADER WOROS= 48  DATE: /0

ALT: 508 UP/DOUN= 1 SAMP FRE= 10  LASER FIIE. 9

REP RATE: 5 RBS COEFs 191E-20 HAKEUP=1363

UMIT URDS1 uRDS2 START BASE  TRIG  ODELAY  SPECIES DATAVE
2 13% 1350 498 4095 < 3800 b 03 S
3 9 140 1953 4098 = 0 i S
4 ] 1953 0 > 500 5 v1s H

A/0 CONVERSION CGISTAITS ENERGY CONVERSI0NS

CHAN SLOPE OFFSET CHan SLOPE OFFSET
1 . -1000. 1 0.736-02 -3.23
2 15.0 -15. 2 0.R&-02 -1.12
3 10.0 -10. 3 0.128 -41.2
4 2. -5, 4 0.13%6 -1.4
H 0.9 0.0 $  0.53E-02 -1.68

2UNIT 2 == SET ARPLIFIER AND PHT GAINS FOR U9

2UMIT 3 == SET AMPLIFIER SAIN FOR IR

2UNIT 4 == SET ANPLIFIER ANS PRT GAINS FOR 2EXITH VIS

?RECORD -~ RECORD DATA (N8 STACKING O LOW LEG)

2UNIT 3 - DISPI.IV ZEllTll L]

?RNGCOR 1 ¢ == RANGE C

?0BLACK 2000 -- I!ETERMNE Stﬂlll‘ FOI AEROSOL COLOR NP

2NAPRER == START AEROSOL

MAPWY == START 0ZOME Cﬂ.ﬂl M'

2ENOFIL -- END OF LEG, END THE FILE

?REROFF == STOP AEROSOL COLOR MAP

2UVOFF -= STOP OZOME COLOR NP

?HILES -- SET UP FOR HIGH LEG

CAMD SO ON.....cooveennennss)d
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FEYROARD COMMANMDS

After the start-up procedure outlined above, all further
bevbeard input is interpreted by the program MASTER. A complete
set of legal commands are listed on the following pages. A
single character of operator input can be erased by means of the
BACKSFACE (@) Levy., An entire line can be erased wsing the DEL
kay. The DIAL DAS 085 is brouwght on-line with predefined option
defaults. Data transfer +from the digitizers can be initiated
immediately if these defaults are suitable by means of the START
command. Once START has been entered the program is interrupt-
driven by the digitizers and certain parameters should not be
changed. Commands that change these parameters are listed in the
section "Stop Mode Commands" and can be used only after STOF has
been entered. Alsc included in the "Stop Mode Commands” are
those commands which deal with the interaction of the two LSIs.
These commands can only be issued in stop mode to prevent the
computers from getting out of sync. Error messages are detailed
in Appendix III.

In the following list of commands, the variables Ul, U2, UZ,
and U4 are used to refer to input parameters for digitizer units
#1, #2, HI, and #4 respectively. The Transiacs can be used in
any order which is determined by the command CAMACS whose input
parameters list the station numbers of each unit in the sequence
in which they are to be read. Once the order has been
established by the CAMACS command all other commands that have
unit rumbers as variables will follow that order.

Commands which have been changed or added since last year™s
report are dencted by a plus symbol.

Stop Mode Commands

1. Digitizer Storage Commands:

+ WORDS1 U1,U2,UZ,U4 # points/return #1 for each unit
+ WORDSZ Ul,U2,U3,U4d # points/return #2 for each unit
STORE ui,uz2,uz,us store from this word for each unit
CAMACS I,J,E.L station # for Transiacs to be used
+ DATAVG UL, U2,UZF,U4 # shots to sum before storage
LOLEG calls for a number of defaults used
during low altitude passes
HILEG calls up a number of defaults used
during high altitude passes
+ WAEEUF I word separation in digitizer

between first and second returns



oy

Flay-Back Commands.

FLOT

I

plot I shots from tape
if I=-1 plot from memory

I.SI #2 Frogram Control Commands:

BEQOT
5LAVE

Frogram Control Commands:

START
STAOF
RESTRT

SYNC

EILL
STACH

SHTSET
LSTENR
LSTFLT
COrPY
FRINT
LIST

I

1,J

Banner Record Input:

FORMAT
TAFE

FILE

HDRFTS
UFDOWN
FULFRE
SAMFRE
HEIGHT

FRETRG
AEBSCOF
TODLY

DELAY
GABES
BASLIN

TRGLEV

I
I
I
I
I
I
I
I

1
1,J
U1,uU2,U3, U4

Ui,uUz,uUs, U4
ui,uz,us,us
Ut,uUz,us,us

aUt,bU?,cUZ, dus

boot LSI #Z then run program SLAVE
run program SLAVE on 8T #2

start data transfer from digitizers
stop data transfer

clears interrupts and issues a macro
RESET command which returns all units
to their status at power—-up time
synchronize the two computers —-—used
when monitor display fails to update
kill program MASTER and return to Monitor
record in stacked format the last unit
at 8§ Hz rep rate

reset shot counter to zero

print out current banner record

print out current plotting options

copy CRT to Trilog (sizes: I=1-4)

plot buffer is printed out on Trilog
print data buffer from word I to J

if I<0 print buffer in memory

if I1+0 read buffer from tape
format # (=2 presently)

tape #

file #

reserve 1 words in shot header
I=0 down-lookingi I=1 up-looking

pulse repetition frequency (Hz)
sampling rate (MHz)

plane altitude {(ft)-——Ffor altitudes
greater than 32000 use ~-1/10

# words stored before trigger marker
absorption coefficient I*#10%%J (atm-cm)—1
# words offset between marker and
actual laser firing

usecs aftter trigger to start of return
I—-letter gas identifier (RER,0Z,HZO
base line for returns

trigger marker level where a,b,c,.d

can be = or < or



Za. Calibration Constants For Met Data:

ADCH1 I,Jd,E,L altitude <slope (I¥10%#J) and intercept (K*10%xL)

ADCHZ altitude-radar "
ADCHZ " dewpoint "
ADCH4 " FRT temp "
ADCHS " total temp "
ADCH6 " Gregory ozone "

Zb. Conversion Constants For Laser Energy Data:

EMCH1 I,.3,K.L channel 1 slope (I#10%%J) and intercept (E*10%%xL)
EMCHZ2 " channel 2 "
EMCHZ " channel = "
EMCH4 " channel 4 "
EMCHS " channel S "
EMCH6 " channel 6 "
4. Magnetic Tape Commands:
CIFHER 1 cipher unit # (I=1 or 2)
RECORD write banner and start recording
BANNER write banner
ENDFIL write EOF and stop recording
REWIND rewind tape to ROT
SKFEOI skip to 2 consecutive EGQF°s
FNDFIL I search for file I (forward only)
SEFFIL I skip forward 1 files
BAEFIL I skip backward I files
SEFREC 1T skip forward I records
BAKREC I skip backward 1 records

5. Flpotting Options Commands:

TWEEE I sample and display unit I at rep rate
FLTMOD I select plot mode I (I=0 for no display)
MODE 1 raw data display

MODE 2 on/off line overlay display

OZONE ozone concentration display mode

WATER water vapor concentration display mode
FLTGRY I plot gray scale 1f I=1

GRYSCL CRT aerosol gray scale display

UNIT I display unit I data only

ONLINE show on—line return only

OFFLINE show off-line return only

BOTH show both on-line and off-line

RETURN U1,U2,U3,U4 plot return # for each unit (both=7)
SCALE I plot scale factor where scale=Z%*]

YMAX I display range interval (see note #2)
BLOWUF subtract background and blowup to scale=0
OFFSET I offset x—axis by I

CLLEAR I clear CRT (O=no clearjl=data onlyilS=all)
OVRELAY 1 overlay data from different units if I=1
BGWORD I start word # for background average

&)



EGWIND
SURERAEK
RNGCOR
SMOOTH
FLTAVGE
INDEX

FIXENT
UFDATE

RNGCEL
GASEXF
SHFTOA
ATMCOR

RAYCOR

- fherosol

+ MAFAER

+ AEROFF
BEXFAND
EWHITE

ERLACH

@Al TCOR

NORMAL

@CUTOFF
EMARKER
BRETURN
BLAREL

= b=t o =

=t -

# words to average for bachkground (window)
subtract background if I=1

range correct i1f I=1

smooth data over I meters (max 103m)
average I shots in display

index of I through data buffer (if I=0
program computes index necessary to fit
data on screen)

I pirels plotted per data point

I = 0 update plot and right screen
I = 1 update plot only
I = 2 update right screen only

use range cell of 1 meters
concentrations in parts *#10%#]

shift TOA marker by 1 words

if I=1 correct concentrations for
altitude change of standard atmasphere
(this correction not necessary when

the absorption cross—-section is changing
with altitude as well)

Rayleigh correction in same units as
GASEXF above

Color—-Scale Commands:

I

I
I

start real-time color map of aerosol

stop real-time color of aerosol

zoom factor (default is 3)

minimum value of range corrected signal
-—— when 1t falls below this value it

will be white

maximum value of range corrected signal
-— when it falls above this value it

will be black

aligns data such that pressure

altitude ground is at third tic mark from
bottom

normalizes return by EO/E where EO

is +irst shot energy computed for energy
monitor channel I and E is the energy of
that channel on each shot

zero fill data if value greater than I
places a solid black line on plot

plot the I return (either 1 or 2)

place time and postion every I minutes

The following commands are identical in function as those
listed in the previous section but the "®" preceding each command
directs the action to the color aerosol display on the Act II.

EBUNIT

@SMO0TH

BRGWORD @ERGWIND @INDEX EFLTAVG



7. Ozone Color-Scale Commands:

+ MAFUV start real-time color map of oczone

+ UvVaorFF stop real-time color of ozone

+ *WHITE I minimum value of ozone
-— when it falls below this value it
will be white

+ *BLACK I maximum value of ozone
-~ when it falls above this value it
will be black

+ *(LTCOR I aligns data such that pressure
altitude ground is at third tic mark from
bottom -— only works for nadir data

+ * ABEL I place time and postion every I minutes

The following commands are identical in function as those
listed in the previous section but the "#*" preceding

directs the action to the color ozone display on the
*UNIT *BGWORD *RGWIND *SMOOTH *RNGCEL
#INDEX *GASEXF *#SHFTOA *ATMCOR *RAYCOR

each command
Act I1.

*FLTAVG
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